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INTRODUCTION

The Exobiology Program, within the Office of Space Science and Applications of the
National Aeronautics and Space Administration, is an integrated program designed to
investigate those processes that may have been responsible for or related to the origin,
evolution, and distribution of life in the universe.

This report contains a listing of 1989 publications resulting from research supported by the
Exobiology Program. Our intent in compiling this report is twofold: We want to provide
the scientific community with an annual publication listing (as we have done since 1975) of
current NASA-supported research in this field, and we hope to stimulate the exchange of
information and ideas among scientists working in the different areas of the program.

Research supported by the Exobiology Program is explored in the areas of Cosmic
Evolution of Biogenic Compounds, Prebiotic Evolution. _ Evolutiqn of Life, and
Evolution of Advanced Life. Pre-mission and pre-project activities supporting these areas
are supported in the areas of Solar _ Exploration and Search for Ex_r_err_$_al
Intelligence. The Planetary_ Protection subject area is included here because of its direct
relevance to the Exobiology Program.

EACH AREA I$ DEFINED AS FQLLQW$;

COSMIC EVOLUTION OF BIOGENIC COMPOUNDS focuses on the

history of the biogenic elements (C,H,N,O,P,S) and their compounds in the galaxy and the
early solar system. This includes: (1) tracing the physical and chemical pathways taken by
the biogenic elements and their compounds from their origins in stars to their incorporation

in the pre-planetary bodies; (2) determining the kinds of measurements that can be made on
the biogenic elements and compounds in the galaxy and solar system and prebiotic
evolution and origin of life; and (3) determining the ways in which the physical and
chemical properties of the biogenic elements and compounds may have influenced the
course of events during the formation of the solar system and the component bodies.

PREBIOTIC EVOLUTION involves research and analysis in two major
areas: (1) the consequences of planetary evolution on the physical environment of the Earth
and planets, and (2) the evolution of molecules and molecular systems under the constraints
imposed by the physical environment and the appearance, a posteriori, of living systems on
Earth. It also assesses the importance of the physical-chemical processes associated with
the dynamic development of planetary surfaces.

EARLY EVOLUTION OF LIFE focuses on the nature of the most primitive
organisms, determining the environment in which they evolved, and the way in which they
influenced that environment. Investigations are executed through the use of the molecular
record in living organisms and the geological record in rocks. These records are used to
determine when and in what setting life first appeared; to determine the characteristics of the
first successful living organisms; to understand the phylogeny and physiology of
microorganisms that inhabit hydrothermal areas now thought to be analogs of primitive
environments; to determine the original nature of biotic energy transduction, membrane
function, and information processing through study of extant microbes; and to elucidate the
physical, chemical, and biotic forces operating on microbial evolution.



EVOLUTION OF ADVANCED LIFE examines the influence of

astrophysical, stellar and solar system events on the evolution of advanced life on Earth.
Research in this area attempts to understand possible evolutionary pathways for advanced
life and to develop a program plan for a paleontological data base.

SOLAR SYSTEM EXPLORATION focuses on providing specific

information on the elemental and chemical composition, mainly with respect to gases and
volatiles, of the atmospheres and surfaces of solar system bodies, including planets and
their satellites, comets, asteroids, meteorites, and dust in space. Improved methods,
instrumentation, and experiments will be developed for in situ chemical analyses of the
volatile species associated with the bodies to be investigated.

SEARCH FOR EXTRATERRESTRIAL INTELLIGENCE (SETI)

involves the search for extraterrestrial intelligent life by detecting signals in the
electromagnetic spectrum. Principal emphasis has been on technology development for the
microwave observing project.

PLANETARY PROTECTION focuses on environmental protection of planets
of biological interest from potentially harmful contamination from terrestrial sources during
future exploration, based on explicit guidelines established for each planet and for each type
of mission. It also focuses on protection of the Earth from potential hazards posed by
returned sample missions.

This bibliography is divided into the areas noted above. Within each research area,
references are listed alphabetically by author. Authors who are Principal Investigators are
identified by an asterisk. In addition, current addresses for all Principal Investigators are
given in the Appendix.

We wish to thank all the participants in the Exobiology Program for their cooperation in
responding to our request for a listing of their 1989 publications. We also wish to.thank
Janice Wallace-Robinson and F. Ronald Dutcher for their editorial and technical assistance

and Audrey Brown and Stephen Szibler for their technical assistance.

John D. Rummel

Exobiology Program Manager
March, 1991
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Allamandola*, L.; Bar-Nun, A.; Brock, T.; Chang*, S.; Davies, R.E.; Greenberg, J.M.;
Hochstein*, L.; Horneck, G.; Huntress, W.; Miller*, S.; Nealson, K.; Usher*, D.
In situ investigations.
In: Exobiology in Earth Orbit (DeFrees, D., Brownlee, D., Tarter, J., Usher, D., Irvine,
W., Klein, H., Eds.). Moffett Field, CA: NASA, Ames Research Center, p. 89-99,
1989. (NASA-SP-500) (GWU 11602)

Allamandola*, L.J.; Bregman; J.D.; Sandford, S.A.; Tielens, A.G.G.M.;
Wittebom, F.C.; Wooden, D.H.; Rank, D.

The discovery of a new infrared emission feature at 1905 wavenumbers (5.25 microns) in

the spectrum of BD + 30 ° 3639 and its relation to the polycyclic aromatic hydrocarbon
model.

Astrophysical Journal (Letters) 345(2): L59-L62, 1989. (GWU 11658)

Allamandola*, L.J.; Tielens, A.G.G.M.

Interstellar Dust. Dordrecht, Holland: Kluwer, 525 p., 1989. (GWU 11761)

Allamandola*, L.J.; Tielens, A.G.G.M.; Barker, J.R.
Interstellar polycyclic aromatic hydrocarbons: The infrared emission bands, the
excitation/emission mechanism, and the astrophysical implications.
Astrophysical Journal Supplement Series 71: 733-775, 1989. (GWU 11620)

Bar-Nun, A.; Heifetz, E.; Prialnik, D. (Owen, T. = P.I.)
Thermal evolution of Comet P/Tempel 1: Representing the group of targets for the CRAF
and CNSR missions.

Icarus 79: 116-124, 1989. (GWU 11548)

Bar-Nun, A.; Kleinfeld, I. (Owen, T. = P.I.)
On the temperature and gas composition in the region of comet formation.
Icarus 80: 243-253, 1989. (GWU 11547)

Blake*, D.; Fleming, R.H.; Bunch*, T.E.
Identification and characterization of a carbonaceous, titanium containing interplanetary
dust particle (Abstract).
Lunar and Planetary Science Conference XX: 84-85, 1989. (GWU 11396)

Blake*, D.F.

Analytical electron microscopy of biogenic and inorganic carbonates (Abstract).
In: Exobiology andFutureMars Missions (McKay, C.P., Davis, W.L., Eds.) Moffett
Field, CA: NASA, Ames Research Center, p. 10, 1989. (NASA-CP-10027)
(GWU 11943)

Bregman, J.D.; Allamandola*, L.J.; Tielens, A.G.G.M.; Geballe, T.R.; Witteborn, F.C.
The infrared emission bands. II. A spatial and spectral study of the Orion Bar.
Astrophysical Journal 344: 791-798, 1989. (GWU 11329)

Brooke, T.Y.; Knacke, R.F.; Owen*, T.C.; Tokunaga, A.T.
The 3.4 micron emission in comets.

In: Interstellar Dust: Contributed Papers (Tielens, A.G.G.M., Allamandola, L.J., Eds.).
Moffett Field, CA: NASA, Ames Research Center, p. 431, 1989. (NASA-CP-3036)
(GWU 11545)



Brownlee,D.; Bunch*, T.; Chang*,S.;Kerridge*, J.; Wolfe, J.
Cosmic dust collection.
In: Exobiology in Earth Orbit (DeFrees, D., Brownlee, D., Tarter, J., Usher, D., Irvine,
W., Klein, H., Eds.). Moffett Field, CA: NASA, Ames Research Center, p. 77-87, 1989.
(NASA-SP-500) (GWU 11599)

Chang*, S.
Studies of samples returned from a comet nucleus by the Rosetta Mission (Abstract).
Origins of Life and Evolution of the Biosphere 19: 481, 1989. (GWU 11998)

Cohen, M.; Bregman, J.; Witteborn, F.C.; Allamandola*, L.J.; Wooden, D.H.;
Tielens, A.G.G.M.; Rank, D.M.; de Muizon, M.
Airborne observations of the infrared emission bands.

In: Infrared Spectroscopy in Astronomy (Kaldeich, B.H., Ed.). Paris: European Space

Agency, p. 149-154, 1989. (ESA-SP-290) (GWU 11391)

Cohen, M.; Tielens, A.G.G.M.; Bregman, J.; Witteborn, F.C.; Rank, D.M.;
Allamandola*, L.J.; Wooden, D.H.; de Muizon, M.
The infrared emission bands. III. Southern IRAS sources.

Astrophysical Journal 341: 246-269, 1989. (GWU 11390)

Cohen, M.; Wooden, D.; Tielens, A.G.G.M.; Bregman, J.; Witteborn, F.; Rank, D.;
Allamandola*, L.J.
Airborne observations of the infrared emission bands.

In: Interstellar Dust: Contributed Papers (Tielens, A.G.G.M., Allamandola, L.J., Eds.).
Moffett Field, CA: NASA, Ames Research Center, p. 93, 1989. (NASA-CP-3036)

(GWU 11381)

Cronin*, J.R.
Amino acids and bolide impacts.
Nature 339: 423-424, 1989. (GWU 11273)

Cronin*, J.R.

Analysis of organic compounds in returned comet nucleus samples.
In: Workshop on Analysis of Returned Comet Nucleus Samples, Milpitas, CA, January
16-18, 1989, p. 16-17. (GWU 11404)

Cronin*, J.R.

Origin of organic compounds in carbonaceous chondrites (Abstract).
In: Abstracts of Papers, Annual Meeting of the American Association for the
Advancement of Science, San Francisco, CA, January 14-19, 1989, p. 24. (GWU 11403)

Cronin*, J.R.
Origin of organic compounds in carbonaceous chondrites.
Advances in Space Research 9(2): 59-64, 1989. (GWU 11405)

DeFrees*, D.J.; McLean, A.D.

A priori predictions of the rotational constants for HCI3N, HC_sN, C50.
Chemical PhysicsLetters 158: 540-544, 1989. (GWU 11412)



DeFrees*,D.J.; Miller, M.D.
Theeffectof ionizationontheinfraredabsorptionspectraof PAHs: A preliminaryreport.
In: Interstellar Dust: Contributed Papers (Tielens, A.G.G.M., Allamandola, L.J., Eds.).
Moffett Field, CA: NASA, Ames Research Center, p. 173-176, 1989. (NASA-CP-3036)
(GWU 11410)

Freund, F.; Batllo, F.; Freund, M.M. (Bunch, T.E. = P.I.)
Dissociation and recombination of positive holes in minerals.
In: Spectroscopic Characterization of Minerals and Their Surfaces (Coyne, L.M.,
McKeever, S.W.S., Blake, D.F., Eds.). Washington, DC: American Chemical Society, p.
310-329, 1989. (GWU 11598)

Geballe, T.R.; Tielens, A.G.G.M.; Allamandola*, L.J.; Moorhouse, A.; Brand, P.W.J.L.
Spatial variations of the 3 micron emission features within UV-excited nebulae:

Photochemical evolution of interstellar polycyclic aromatic hydrocarbons.
Astrophysical Journal 341: 278-287, 1989. (GWU 11388)

Gibson*, E.K., Jr.; Carr, R.H.

Laser microprobe-quadrupole mass spectrometer system for the analysis of gases and
volatiles from geologic materials.
In: New Frontiers in Stable Isotopic Research: Laser Probes, Ion Probes, and Small-
Sample Analysis (Shanks, W.C., III, Criss, R.E., Eds.). Denver, CO: U.S. Geological
Survey, p. 35-49, 1989. (GWU 11474)

Gibson*, E.K., Jr.; Hartmetz, C.P.; Blanford, G.E.
Analysis of interplanetary dust particles for volatiles and simple molecules (Abstract).
Lunar and Planetary Science Conference XX: 339-340, 1989. (GWU 11626)

Grady, M.M.; Gibson*, E.K., Jr.; Wright, I.P.; Pillinger, C.T.
The formation of weathering products on the LEW 85320 ordinary chondrite: Evidence
from carbon and oxygen stable isotope compositions and implications for carbonates in
SNC meteorites.

Meteoritics 24: 1-7, 1989. (GWU 11470)

Hartmetz, C.P.; Blanford, G.E.; Gibson*, E.K., Jr.

In situ analysis of volatile elements and molecules in carbonaceous chondrites (Abstract).
Lunar andPlanetaryScience Conference XX: 381-382, 1989. (GWU 11627)

Hartmetz, C.P.; Gibson*, E.K., Jr.
In situ determination of volatiles in CM2 chondrites (Abstract).
Meteoritics 24: 275, 1989. (GWU 11472)

Hartmetz, C.P.; Gibson*, E.K., Jr.; Socki, R.A.

Total carbon and sulfur abundances in Antarctic carbonaceous chondrites, ordinary
chondrites, and eucrites (Abstract).
Meteoritics 24: 274-275, 1989. (GWU 11473)

Herbst, E.; DeFrees,*, D.J.; Koch, W.

Can interstellar H2S be formed via gas-phase reactions? Calculations concerning the rates

of the ternary and radiative association reactions between HS ÷ and H 2.

Monthly Notices of the Royal Astronomical Society 237: 1057-1065, 1989.
(GWU 11411)
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Herbst, E.; Winnewisser, G.; Yamada, K.M.T.; DeFrees*, D.J.; McLean, A.D.

Ab initio determination of mode coupling in HSSH: The torsional splitting in the first
excited S-S stretching state.
Journal of Chemical Physics 91(10): 5905-5909, 1989. (GWU 11413)

Irvine*, W.M.

Microwave spectroscopy of astrophysical molecules.
Highlights of Astronomy 8: 339-343, 1989. (GWU 11633)

Irvine*, W.M.

Observational astrochemistry: Recent results.
Advances in SpaceResearch 9(2): 3-12, 1989. (GWU 9005)

Irvine*, W.M.; Friberg, P.; Kaifu, N.; Kawaguchi, K.; Kitamura, Y.; Matthews, H.E.;
Mirth, Y.; Saito, S.; Ukita, N.; Yamamoto, S.

Observations of some oxygen-containing and sulfur-containing organic molecules in cold
dark clouds.

Astrophysical Journal 342: 871-875, 1989. (GWU 11328)

Irvine*, W.M.; Knacke, R.F.

The chemistry of interstellar gas and grains.
In: Origin and Evolution of Planetary and Satellite Atmospheres (Atreya, S.K., Pollack,
J.B., Matthews, M., Eds.). Tucson, AZ: University of Arizona Press, p. 3-34, 1989.
(GWU 11320)

Knacke, R.F.; Kim, Y.H.; Irvine*, W.M.

An upper limit to the acetylene abundance toward BN in the Orion molecular cloud.
Astrophysical Journal 345: 265-267, 1989. (GWU 11325)

Koch, W.; Liu, B.; DeFrees*, D.J.

Structure of the 2-norbomyl cation.
Journal of American Chemical Society 111: 1527-1528, 1989. (GWU 11644)

Koch, W.; Liu, B.; DeFrees*, D.J.; Sunko, D.E.; Vancik, H.
Experimental and theoretical IR spectra of the 2-norborynl cation.
Angewandte Chemie: International Edition in English 29(2): 183-185, 1989.
(GWU 11622)

Koch, W.; Liu, B.; Scheiner, A.C.; DeFrees*, D.J.
Adaptation and vectorization of the Gaussian 86 quantum chemical program for the IBM
3090 with vector facility.
In: High Performance Computing (Delhaye, J.-L., Gelenbe, E., Eds.). Amsterdam:
Elsevier Science Publishers B.V., p. 261-272, 1989. (GWU 11625)

Krishna-Swamy, K.S.; Sandford, S.A.; Allamandola*, L.J.; Witteborn, F.C.;
Bregman, J.D.
The nature of cometary dust as determined from infrared observations.
In: lnterstellarDust: Contributed Papers (Tielens, A.G.G.M., Allamandola, L.J., Eds.).

Moffett Field, CA: NASA, Ames Research Center, p. 415-416, 1989. (NASA-CP-3036)
(GWU 11387)
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Krishna-Swamy, K.S.; Sandford, S.A.; Allamandola*, L.J.; Wittebom, F.C.;

Bregman, J.D.
Infrared emission from comets.

Astrophysical Journal 340: 537-549, 1989. (GWU 11592)

Lumme, K.; Peltoniemi, J.I.; Irvine*, W.M.
Derivation of an average single particle phase function for the lunar regolith (Abstract).
Lunar and Planetary Science Conference XX: 606-607, 1989. (GWU 11615)

Madden, S.C.; Irvine*, W.M.; Matthews, H.E.; Friberg, P.; Swade, D.A.

A survey of cyclopropenylidene (C3H2) in galactic sources.
Astronomical Journal 97(5): 1403-1422, 1989. (GWU 11318)

Minh, Y.C.; Irvine*, W.M.; Ziurys, L.M.
Detection of interstellar hydrogen sulfide in cold, dark clouds.

Astrophysical Journal (Letters) 345: L63-L66, 1989. (GWU 9598)

Moorhouse, A.; Geballe, T.R.; Allamandola*, L.J.; Tielens, A.G.G.M.; Brand, P.W.J.L.

Spatial variations of the 3 _m emission features within nebulae.
In: Interstellar Dust: Contributed Papers (Tielens, A.G.G.M., Allamandola, L.J., Eds.).
Moffett Field, CA: NASA, Ames Research Center, p. 107, 1989. (NASA-CP-3036)

(GWU 11386)

Muinonen, K.; Lumme, K.; Irvine*, W.M.

Statistical photoclinometry and surface topography of atmosphereless bodies (Abstract).
Lunar and Planetary Science Conference XX: 729-730, 1989. (GWU 11612)

Peltoniemi, J.I.; Lumme, K.; Muinonen, K.; Irvine*, W.M.

Scattering of light by stochastically rough particles.
Applied Optics 28(19): 4088-4095, 1989. (GWU 11645)

Sandford, S.A. (Allamandola, L.J. = P.I.)
Interstellar dust in collected interplanetary dust particles.
In: Interstellar Dust (Allamandola, L.J., Tielens, A.G.G.M., Eds.).

Kluwer, p. 403-413, 1989. (GWU 11382)

Dordrecht, Holland:

Sandford, S.A.; Bradley, J.P. (Allamandola, L.J. = P.I.)
Interplanetary dust particles collected in the stratosphere: Observations of atmospheric
heating and constraints on their interrelationships and sources.
Icarus 82: 146-166, 1989. (GWU 11591)

Schutte, W.; Greenberg, M. (Allamandola, L.J. = P.I.)
The evolution of organic mantles on interstellar grains.
In: lnterstellarDust: Contributed Papers (Tielens, A.G.G.M., Allamandola, L.J., Eds.).
Moffett Field, CA: NASA, Ames Research Center, p. 267-268, 1989. (NASA-CP-3036)

(GWU 11379)

Schutte, W.A.; Tielens, A.G.G.M. (Allamandola, L.J. = P.I.)
Theoretical studies of the infrared emission from circumstellar dust shells: The infrared
characteristics of circumstellar silicates and the mass-loss rate of oxygen-rich late-type

giants.
Astrophysical Journal 343: 369-392, 1989. (GWU 11383)



Schwartz,P.R.;Snell, R.L.; Schloerb,F.P. (Irvine, W.M. = P.I.)
1300microncontinuumandC_80linemappingof giantmolecularcloudcores. II. W3,
NGC2264,NGC 63341,RHO OphiuchiandS140.
Astrophysical Journal 336: 519-525, 1989. (GWU 11327)

Tielens, A.G.G.M. (Allamandola, L.J. = P.I.)
Dust in dense clouds.

In: Interstellar Dust (Allamandola, L.J., Tielens, A.G.G.M., Eds.).
Kluwer, p. 239-262, 1989. (GWU 11385)

Dordrecht, Holland:

Tielens, A.G.G.M.; Allamandola*, L.J. (Eds.)
lnterstellarDust: Contributed Papers. Moffett Field, CA: NASA, Ames Research Center,

588 p., 1989. (NASA-CP-3036) (GWU 11380)

Van Der Zwet, G.P.; Allamandola*, L.J.; Baas, F.; Greenberg, J.M.
Infrared spectrum of the complex of formaldehyde with carbon dioxide in argon and
nitrogen matrices.
Journal of Molecular Structure 195: 213-225, 1989. (GWU 11384)

Witteborn, F.C.; Sandford, S.A.; Bregman, J.D.; Allamandola*, L.J.; Cohen, M.;
Wooden, D.

Spectral structure near the 11.3 micron emission feature.
In: Interstellar Dust: Contributed Papers (Tielens, A.G.G.M., Allamandola, L.J., Eds.).
Moffett Field, CA: NASA, Ames Research Center, p. 119, 1989. (NASA-CP-3036)
(GWU 11590)

Wittebom, F.C.; Sandford, S.A.; Bregman, J.D.; Allamandola*, L.J.; Cohen, M.;
Wooden, D.H.; Graps, A.L.
New emission features in the 11-13 micron region and their relationship to polycyclic
aromatic hydrocarbons.
Astrophysical Journal 341: 270-277, 1989. (GWU 11389)

Yonover, R.N.; Sinton, J.M.; Sommer, M.A.; Gibson*, E.K.

C-O-H ratios in silicate melt inclusions in basalts from the Galapagos Spreading Center

near 95°W: A laser decrepitation mass spectrometry study.
Geochimica et Cosmochimica Acta 53: 3145-3154, 1989. (GWU 11471)

Ziurys, L.M.; Friberg, P.; Irvine*, W.M.
Interstellar SiO as a tracer of high-temperature chemistry.
Astrophysical Journal 343: 201-207, 1989. (GWU 11323)

Ziurys, L.M.; Snell, R.L.; Dickman, R.L. (Irvine, W.M. = P.I.)
Shock chemistry in the molecular clouds associated with SNR IC 443.
Astrophysical Journal 341: 857-866, 1989. (GWU 11326)





PREBIOTI(_ EVOLUTION

pRE,CEDIN, G PAGE BLANK NOT FILME.D



Armangue, G.; Mills, T.; Oro*, J.
Non-enzymatic oligomerization of dAMP and GTP and the condensation effects played by GTP
(Abstract).

Origins of Life and Evolution of the Biosphere 19: 323-324, 1989. (GWU 8715)

Arrhenius*, G.; Bachman, J.; Gedulin, B.; Hui, S.; Paplawsky, W.
Anion selective minerals as concentrators and catalysts for RNA precursor components (Abstract).
Origins of Life and Evolution of the Biosphere 19: 235-236, 1989. (GWU 11392)

Chyba, C.; Sagan*, C.
The pre- and post- accretion irradiation history of cometary ices.
In: lnterstellarDust: Contributed Papers (Tielens, A.G.G.M., Allamandola, L.J., Eds.). Moffett
Field, CA: NASA, Ames Research Center, p. 433-435, 1989. (NASA-CP-3036) (GWU 11568)

Chyba, C.F.; Sagan*, C.; Brookshaw, L.; Thomas, P.J.
Impact delivery of prebiotic organics to early Earth (Abstract).
Origins of Life and Evolution of the Biosphere 19: 467-468, 1989. (GWU 11686)

Chyba, C.F.; Sagan*, C.; Mumma, M.J.
The heliocentric evolution of cometary infrared spectra: Results from an organic grain model.
Icarus 79: 362-381, 1989. (GWU 11317)

Coyne*, L.M.; Banin, A.; Carle*, G.; Orenberg, J.; Scattergood*, T.
Use of near infrared correlation spectroscopy for quantitation of surface iron, absorbed water and
stored electronic energy in a suite of Mars soil analog materials (Abstract).
In: Exobiology andFuture Mars Missions (McKay, C.P., Davis, W.L., Eds.) Moffett Field, CA:
NASA, Ames Research Center, p. 12, 1989. (NASA-CP-10027) (GWU 11942)

Coyne*, L.M.; Bishop, J.; Howard, L.; Banin, A.
Use of near infrared correlation spectroscopy to characterize and quantify surface water in variably
Ca/Fe exchanged montmorillonite clays (Abstract).
In: Program and Abstracts, California Catalysis Society Spring Meeting, Stanford University,
Palo Alto, CA, April 6-7, 1989, 2 p. (GWU 10167)

Coyne*, L.M.; Bishop, J.L.; Scattergood*, T.; Banin, A.; Carle*, G.; Orenberg, J.

Near-infrared correlation spectroscopy: Quantifying iron and surface water in a series of variably
cation-exchanged montmorillonite clays.
In: Spectroscopic Characterization of Minerals and Their Surfaces (Coy ne, L.M., McKeever,
S.W.S., Blake, D.F., Eds.). Washington, DC: American Chemical Society, p. 407-429, 1989.
(GWU 11597)

Coyne*, L.M.; Costanzo, P.M.; Theng, B.K.G.

Luminescence and ESR studies of relationships between O--centres and structural iron in natural
and synthetically hydrated kaolinites.
Clay and Clay Minerals 24: 671-693, 1989. (GWU 11401)

Coyne*, L.M.; McKeever, S.W.S.
Spectroscopic characterization of minerals and their surfaces.
In: Spectroscopic Characterization of Minerals and Their Surfaces (Coyne, L.M., McKeever,
S.W.S., Blake, D.F., Eds.). Washington, DC: American Chemical Society, p. 1-29, 1989.
(GWU 11400)
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Coyne*, L.M.; McKeever,S.W.S.;Blake*, D.F. (Eds.)
Spectroscopic Characterization of Minerals and Their Surfaces.
Chemical Society, 480 p., 1989. (GWU 11399)

Washington, DC: American

Deamer*, D.W.

Amphiphilic components of carbonaceous meteorites: Origins of membrane structure (Abstract).
In: Abstracts, Annual Meeting of the American Association for the Advancement of Science, San
Francisco, CA, January 14-19, 1989, p. 24. (GWU 11408)

Deamer*, D.W.; Harang, E.A.; Seleznev, S.A.
Amphiphilic components of carbonaceous meteorites: Origins of membrane structure (Abstract).
Origins of Life and Evolution of the Biosphere 19: 291-292, 1989. (GWU 11673)

Deamer*, D.W.; Pashley, R.M.
Amphiphilic components of the Murchison carbonaceous chondrite: Surface properties and
membrane formation.

Origins of Life and Evolution of the Biosphere 19: 21-38, 1989. (GWU 11406)

Ertem, G.; Agarwal, V.; Ferris*, J.P.
The binding and clay mineral catalysis of the formation of oligomers of 5'-AMP in aqueous
solution (Abstract).
Origins of Life and Evolution of the Biosphere 19: 347-348, 1989. (GWU 11677)

Ertem, G.; Ferris*, J.P.; Holm, N.G.
Adsorption of mono- and polynucleotides on iron oxide hydroxide polymorphs (Abstract).
Origins of Life and Evolution of the Biosphere 19: 349-350, 1989. (GWU 11678)

Feakes, C.R.; Holland*, H.D.; Zbinden, E.A.

Ordovician paleosols at Arisaig, Nova Scotia, and the evolution of the atmosphere.
In: Paleopedology: Nature and Applications ofPaleosols (Bronger, A., Catt, J., Eds.).
Cremlingen-Destedt, W. Germany: Catena Verlag, p. 207-232, 1989. (GWU 11482)

Ferris*, J.P.; Ertem, G.; Agarwal, V.
Mineral catalysis of the formation of dimers of 5'-AMP in aqueous solution: The possible role of
montmorillonite clays in the prebiotic synthesis of RNA.
Origins of Life and Evolution of the Biosphere 19: 165-178, 1989. (GWU 11441)

Ferris*, J.P.; Ertem, G.; Agarwal, V.K.
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